SUMMARY The fatty acid composition of cholesterol (cholesteryl) ester, triglyceride, and lecithin has been investigated in whole plasma and individual lipoproteins of healthy control subjects, of patients with malabsorption, and also of patients without malabsorption. The results show a decreased proportion of the essential fatty acid linoleic acid in all three lipid classes in both groups of patients as compared with the healthy controls. This abnormality was more marked in the malabsorbers, especially those with steatorrhoea secondary to intestinal resection. Unequivocal biochemical evidence of essential fatty acid deficiency, as indicated by the appearance of 5, 8, 11 eicosatrienoic acid in plasma lecithin, was observed in two patients, both of whom had undergone major intestinal resections. The results suggest that intestinal resection predisposes to the development of essential fatty acid deficiency.
The literature on the biochemistry and physiology of essential fatty acids and the syndrome of essential fatty acid deficiency in experimental animals is extensive and has been reviewed relatively recently (Alfin-Slater and Aftergood, 1968 ). Yet little is known about the occurrence of essential fatty acid deficiency in man, apart from the investigation carried out by Hansen, Wiese, Boelsche, Haggard, Adam, and Davis (1963) who described dermal changes, retardation of growth, and increased caloric requirements in previously healthy infants fed diets low in linoleic acid. Although decreased plasma essential fatty acid levels were reported in children with steatorrhoea due to cystic fibrosis of the pancreas (Kuo and Huang, 1965; Caren and Corbo, 1966) and coeliac disease (Rey, Fr6zal, Polonovski, and Lamy, 1965) , it is only recently that both biochemical and clinical signs of actual deficiency have been demonstrated in an adult patient with malabsorption (Collins, Sinclair, Royle, Coats, Maynard, and Leonard, 1971 ).
The relative paucity of information on essential fatty acid deficiency in adults and the likelihood that patients with steatorrhoea are especially at risk prompted the present study. The fatty acid patterns of each of the major lipid classes have been ' Present address: Hyogo College of Medicine, Hyogo, Japan 'Present address: Hirosaki University School of Medicine, Hirosaki, Japan Received for publication 20 June 1973. investigated in whole plasma from patients with various forms of malabsorption and compared with healthy and 'sick' controls. Because of discrepancies in the literature as to the extent to which each of the different species of plasma lipoproteins vary in their fatty acid composition (Lindgren and Nichols, 1961) ; Nichols, Rehnborg, Lindgren, and Wills, 1962; Kayden, Karmen, and Dumont, 1963; Goodman and Shiratori, 1964) , these have also been compared in control subjects and some of the malabsorbers.
Methods

SUBJECTS
Blood was obtained after an overnight fast (10-14 hours) from seven male and seven female healthy control subjects, whose ages ranged from 20 to 40; five 'sick' controls, aged 22 to 82, ie, patients admitted to hospital two to six weeks previously with illnesses unassociated with malabsorption, four of them males, with diagnoses of chronic bronchitis, pneumonia, carcinoma of the colon, and septicaemia respectively, and a female with colonic diverticulosis; and 24 patients with intestinal malabsorption, the latter being due to intestinal resection in six patients (three of whom were male), adult coeliac disease in 12 nine of whom were female), and to other causes in six (five of them male), including three patients with pancreatic dysfunction. Clinical details of these patients are shown in table 1. The mean daily faecal 716 fat excretion in the three subgroups of malabsorbers was 17 g, 18 g, and 25 g respectively. Three of the patients with adult coeliac disease were on a glutenfree diet but all the other patients studied were on a normal ward diet, containing approximately 70 g fat (the fatty acid composition of this diet was not analysed but is known to have a low content of polyunsaturated fats). One of the resection patients had intermittently received supplements of medium chain triglycerides in the past (patient no. 6, table 1). The healthy control subjects consumed individual diets that differed from the ward diet.
SEPARATION OF LIPOPROTEINS
Blood samples were mixed with EDTA (2 mg per ml) and the plasma was separated. Preparative ultracentrifugation was carried out as described by Havel, Eder, and Bragdon (1955) but using an MSE Superspeed 40 ultracentrifuge with a 3 x 20 ml swing-out rotor. Samples of plasma (4 ml) were centrifuged successively at d 1-006 and 1 063 at 15-16°for 16 hours at 30000 rpm (100000 x g).The supernatants from the first and second spins were aspirated and contained very low density lipoprotein (VLDL) and low density lipoprotein (LDL) respectively, whereas high density lipoprotein (HDL) was obtained in the infranatant of the second spin. Preparative ultracentrifugation was usually commenced within 12 hours of the taking of blood samples, the plasma being kept at 40 in the meantime.
SEPARATION OF LIPIDS
Lipids were extracted from whole plasma or lipoprotein fractions into chloroform:methanol (2:1, v/v) as described by Folch, Lees, and Sloane Stanley (1957) . The phases were separated by the addition of 0 7 % KCI in 0-02 N HCI followed by centrifugation. Percentage Fatty Acids in Lecithin Controls (n = 14)' 0S5 ± 0.3 26.9 ± 3.0 1.2 ± 0.3 15.6 ± 2.1 15-1 ± 1.9 26.5 ± 3.1 0.6 ± 05 2.9 ± 0.9 9.3 ± 2-0 Malabsorbers (n = 23)
1.1 ± 0.7 30-1 ± 3-4 2-8 ± 2-2 14-2 ± 4.0 21-1 ± 4-7 15-2 ± 4-5 0.7 i 06 3-7 ± 0.9 8-6 ± 2-6 Patients (n = 5)
1.1 ± 0.5 33-2 ± 2-5 1.9 ± 0.4 13-2 ± 1-5 21-0 ± 5.0 17-2 ± 3.0 1-2 ± 09 2-6 ± 0.9 9.3 ± 1. Percentage Fatty Acids in Lecithin Resection (n = 5) 0.7 + 0.3 31.5 + 2-0 2-7 i 0.9 12.3 + 4-6 27.5 + 62 10-3 + 3-8 0.4 i 05 4-7 + 31 3-4 d 12 8 5 i 3-7 Coeliac (n = 12) 1-2 ± 0.7 30.1 ± 3-3 3-3 + 2-9 14-8 ± 4-4 19-4 ± 21 15-9 ± 4-1 0.9 i 07 0.4 ± 0.5 37 ± 08 8-4 + 22 Others (n = 6) 1.5 + 1-0 28-8 ± 4-6 19 ± 06 12-2 i 70 191 + 21 17-7 ± 2-9 0-6 ± 04 0-8 ± 0-2 39 ± 11 90 2-8 P <0 01
<0.05 <0-01 Percentage Fatty Acids in Cholesterol Ester Resection 2-0 + 18 16-2 i 59 7-8 ± 3.5 4.9 4-6 37-6 ± 42 21-9 ± 9.9 0-6 + 0-6 0.9 + 0.3 6-1 + 14 Coeliac Percentage Fatty Acids in Cholesterol Ester VLDL (n = 10) 1-7 + 0-6 18-2 i 2-7 4-1 ± 1.1 6-7 + 2-3 22-4 ± 2-3 39.3 ± 4.4
5.9 ± 2-2 LDL (n = 13) 1-0 ± 0-3 12-9 ± 2-4 3-3 + 0-8 2-6 ± 0.9 21-8 + 2-6 49-2 ± 5.4
6.5 ± 1.0 HDL (n = 13) following intestinal resection showed that the interspecies differences noted in control subjects were no longer detectable (table V) .
Discussion
The results of this study show that a marked decrease in the linoleate content of plasma lipids occurred in adult patients with malabsorption compared with healthycontrols. This decrease affected the percentage composition of the fatty acids of lecithin and cholesterol ester to a more marked extent than those of triglyceride and was accompanied by reciprocal increases in the proportion of saturated and monounsaturated fatty acids. Many of these patients had reduced concentrations of cholesterol ester, triglyceride, and phospholipid in their plasma (Thompson and Miller, in press), so that there was often an absolute as well as a proportional decrease in plasma linoleate. These findings extend those previously reported in children with steatorrhoea secondary to cystic fibrosis of the pancreas (Kuo and Huang, 1965) or coeliac disease (Rey et al, 1965) and in a solitary adult with idiopathic steatorrhoea (Webb, James, and Kellock, 1960) . However, the fact that similar but lesser abnormalities were observed in 'sick' controls, who did not have steatorrhoea, suggests that malabsorption of dietary linoleate was not the sole factor involved. Differences between the fatty acid composition of the hospital and healthy controls' diets and a reduced intake of fat due to anorexia undoubtedly played a major role in both groups of patients. Furthermore, it has been shown that a reduced proportion of linoleate is found in the plasma in liver disease (Caren and Corbo, 1966; Sullivan, Kelly, and Suchy, 1969) , and, since non-specific hepatic dysfunction is a common accompaniment of pyrexial illnesses (Neale, Caughey, Mollin, and Booth, 1966) , this could also have been a contributory factor in the 'sick' controls. A comparison of the different categories of malabsorption showed that changes in plasma fatty acid composition were more marked in resection patients than in those with adult coeliac disease or steatorrhoea due to other causes, such as pancreatic dysfunction. This difference was not apparently related to the severity of the malabsorption since, if anything, steatorrhoea was least marked in the resection group; nor did it correlate with the duration of illness. Unequivocal evidence of essential fatty acid deficiency, defined as the presence of significant amounts (>5%) of 5,8,11 eicosatrienoic acid in plasma lecithin (AaesJorgensen, 1961), was observed in only two patients, in both of whom there was a concomitant fall in arachidonate. In the presence of linoleic acid deficiency arachidonic acid formation is decreased and the normally inactive pathway whereby oleic acid is converted to 5,8,11, eicosatrienoic acid is derepressed, as discussed by Ullman and Sprecher (1971) . The levels of 5,8,11 eicosatrienoic acid observed in these patients, both of whom had undergone major intestinal resections, were similar to those reported in a child (Caldwell, Jonsson, and Othersen, 1972) and an adult (Collins et al, 1971) who developed clinical signs of essential fatty acid deficiency, also following extensive resections of the small intestine. However, both these patients had previously received prolonged intravenous nutrition with a fat-free source of calories, which ours had not. Another factor which can adversely influence plasma essential fatty acid levels is supplementation of the diet with medium chain triglycerides (Kuo and Huang, 1965) Fatty acid composition ofplasma lipoproteins in control subjects and in patients with malabsorption 721 study was performed neither of our patients showed any unequivocal clinical evidence of essential fatty acid deficiency. However, subsequently one of them developed a skin rash. This disappeared after treatment, as did the 5,8,11 eicosatrienoic acid from her plasma lecithin (Press, Kikuchi, and Thompson, 1972) .
The fatty acid composition of individual lipoproteins in normal subjects has been studied on previous occasions. Lindgren and Nichols (1961) showed that the fatty acid composition of the Sf 20-105 lipoprotein fraction (VLDLand chylomicrons) contained more palmitate, stearate, and oleate and less linoleate and arachidonate than the Sf 0-20 (LDL) and HDL fractions. They also showed that the arachidonic acid content of plasma phospholipid increased with increasing lipoprotein density, being highest in high density lipoproteins. Their results were criticized by Goodman and Shiratori (1964) who found much slighter differences in fatty acid composition. Nevertheless, the latter authors' data did show that the cholesterol esters of VLDL contained a significantly higher proportion of oleate and lower proportion of linoleate than either low or high density lipoproteins. The present study confirms that these differences exist in healthy subjects although it is of interest that they were not found in patients with severe essential fatty acid depletion or deficiency. This suggests that differences between the cholesterol esters of lipoprotein classes are due to preferential incorporation of linoleate into low and high density as opposed to very low density lipoproteins. The mechanism involved might be explained if VLDL cholesterol esters could be shown to originate in the liver, as probably occurs in the rat (Gidez, Roheim, and Eder, 1967) . This is in contrast to LDL and HDL cholesterol esters which are thought to be chiefly formed in the plasma. The enzyme involved, lecithin cholesterol acyl transferase (LCAT), preferentially acts on polyunsaturated fatty acids in the 2-position of lecithin rather than on saturated fatty acids in the 1-position (Glomset, 1968) . Alternatively it may be that the VLDL cholesterol esters originate in the small intestine, which is known to contribute to plasma VLDL (Jones and Ockner, 1971) , and which preferentially esterifies cholesterol with oleic acid (Norum and Gjone, 1967) . Whichever interpretation is correct the concept that the lipids of all three lipoprotein classes have a common origin (Goodman, 1965) needs to be re-examined.
Some degree of essential fatty acid 'depletion' appears to be common in hospitalized patients, whether or not they have malabsorption. Actual deficiency is much less frequent and seems to have a special predilection for patients who develop malabsorption secondary to intestinal resection, although it is not immediately apparent why this should be so. Studies of biliary phospholipid excretion in the Rhesus monkey do not suggest that intestinal resection would result in an increased loss of linoleate via that pathway (Dowling, Mack, and Small, 1971) . It remains to be seen whether intestinal bypass, which has been used as a means of lowering serum cholesterol levels in hyperlipidaemic patients with atheroma (Buchwald, 1969) , can also lead to changes in metabolism of essential fatty acids. Detection of essential fatty acid deficiency in patients at risk may sometimes be of clinical importance because the cutaneous manifestations, which include poor wound healing, and the accompanying anaemia and thrombocytopenia, can all be reversed by linoleic acid. Intravenous administration of a soya bean oil emulsion (Intralipid) appears to be particularly useful in this respect (Collins et al, 1971; Caldwell et al, 1972; Press et al, 1972) .
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